An aerobic actinomycete isolated regularly from the human mouth is described. This organism possesses the cultural, morphological and biochemical characters of Orskov's Group 2b, or more specifically, the genus Nocurdiu. Although the results of cell-wall analyses differ from those obtained in this and previous studies upon other species of Nocardia, we nevertheless feel that provisional classification in the genus Nocardia is valid upon the present evidence. The specific name N . saliva is proposed.
INTRODUCTION
Gram-positive bacteria which exhibit morphological features of the order Actinomycetales occur commonly and regularly in the human mouth (Bisset & Davis, 1959) . Morphological criteria are of prime importance in the subdivision of this order into f d e s and genera, although many attempts have been made to supplement this approach with biochemical, serological and other information, with varying degrees of success. The main point which emerges from any close examination of this large group of bacteria is that here, as in many other groups, the lines of demarcation between genera are not clear. For instance, if one examines typical strains of Streptomyces, Actinomyces, Nocardia, and Mycobachium, it appears obvious that Streptomyce8 is characterized by its permanent mycelium, aerial hyphae and chains of spores, Actinomyces by its anaerobic tendencies, Nocardia by its fragmenting impermanent mycelium, and Mycobacteriam by its small size and acidfastness, among other characters. In nature, however, there commonly occur strains of all these genera which not only fail to exhibit the more obvious characteristics of the genus to which they are assigned, but which appear to possess characteristics of other genera. Examples of this are: mycobacteria which produce mycelium and are not acid-fast; nocardias which form aerial mycelium and spores, or which simulate mycobacteria ; actinomyces which grow aerobically, with rudimentary aerial hyphae; streptomyces without aerial hyphae or spores. The various morphological appearances which the Actinomycetales produce can in fact be almost as great a taxonomic hazard as they appear to be a blessing. For example, Jensen (1982) pointed out that the sporophores of Micromonosporu closely resemble similar structures in ' Actinomyces ' (i.e. Streptomyces) and 'Proactinomyces ' (i.e. Nocardia); Bisset (1957) also compared these structures with similar ones in Actinomyces odontolyticus, a microaerophilic parasite, and discussed the probable significance of these similarities. In addition to this type of apparent cross-relationship between relatively well-established genera of the order Actinomycetales, the taxonomy of the group is further complicated by the occurrence of a number of Of the genera which are accepted as members of the Actinomycetales, Nocardia is one of the largest and most poorly classified. Members of this genus occur most commonly in soils, but various pathological conditions in man and other animals have been associated with certain species. Considerable variation in morphological and biochemical potential is characteristic of the genus Nocardia as it is currently defined.
In 1959 Morris pointed out that many of the so-called Actinomyces of the human oral flora were more accurately classified as Nocardia; he described a number of types but was unable to identify them with any known species, most of which are relatively poorly defined. The dental literature abounds with references to ' actinomyces ' and ' actinomyces-like bacteria ' (Rosebury, 1944) , particularly in relation to the problem of dental calculus formation, e.g. Naeslund (1926). Most of these reports are difficult to evaluate taxonomically because inadequate descriptions were made. An idea of the associations between actinomycetes and oral conditions can be gathered from the list given by Dodge (1936); some of the oral types (all called ' Actinomyces') described in that work are clearly very streptomyces-like, e.g. 'A. bzLccalis', and others may be assumed, but not proved, to be nocardias, e.g. 'A. RodeWae'.
In many references to oral and other organisms of the Actinomyces-Nocardia type the problem of generic allocation has been circumvented by resorting to the designation used by 0rskov (1923) as ' members of Group 2 b '. Orskov's Group 2 b included those nocardias which do not simulate Streptomyces and also the microaerophilic types now called Actinomyces. This grouping reflects the way in which the two genera Nocurdia and Actinmyces tend to merge together, especially in morphological characters. But this is not the only direction in which Nocardia appears to merge into another genus; it does so with both Mycobacterium and Streptomyces. It is interesting, and somewhat disconcerting, to note that Actinomyces, Streptomyces and Mycobacterium are not only currently classified as separate genera, but also in separate families, and yet with all three Nocardia shows certain affinities, or appears to do so. Various possible explanations for this situation are available, the most likely being either that Nocardia, in its various forms, represents facets of the primitive, basic actinomycete from which the other forms have evolved, or that Nocurdia represents a collection of semi-degenerate streptomyces, micromonosporas, actinomyces, etc. Considering the apparent specialization exhibited by most other genera of the order Actinomycetales it seems that the former hypothesis is more appropriate. The present work does not set out to prove or disprove this hypothesis, but only to provide taxonomically useful information.
Some information on the organism described here has already been published (Davis & Baird-Parker, 1959 b). (w/v) agar, pH 7.0). After incubation for 2-8 days a t 37' colonies were selected (see section on Morphology) with the aid of a low-power dissecting microscope, and subcultured in further pour plates and on the surface of NAYS agar. With a little experience it was easy to distinguish between colonies of the nocardia-like organism here described and those of Leptotrichia dentium, the latter being like balls of hair in submerged culture and giving smooth, heaped-up colonies with irregular (lobate) and noticeably filamentous margins in surface culture. The grossly filamentous nature of L . derztium is in fact characteristic, whereas the nocardia-like organism has never shown this feature in its colonies. Subsequently most isolates were obtained from aerobic surface cultures upon NAYS agar or blood agar. Strains of N. salivae were obtained from almost all the mouths examined.
An, oral aerobic actinomycets
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RESULTS
Isolation and Cultzlre of
Growth of Nocardia salivae in nutrient broth sometimes failed or was very slow but was usually fairly good and produced a smooth turbidity with small floccules. In semi-solid nutrient agar(oq,, w/v, agar) the nocardias produced smooth confluent growth on the surface. Growth upon nutrient agar was often adequate in 24 hr., and this faster growth rate served to distinguish further between strains of N. salivae and those of the slower growing Leptotrichia dentium. Strains of N . salivae did not grow under strictly anaerobic conditions but were satisfactory in air and air + 10 % (v/v) CO,. Good growth was obtained upon inspissated serum, LowensteinJensen medium, liver extract agar, Dorset's egg medium (with and without glycerol), 5 % horse blood agar, potato-nutrient agar (Waksman, 1950) , and at and near the surface of Brewer's medium. Poor growth occurred on oatmeal agar (Waksman, 1950) , and no growth on glucose-asparagine agar, or in gelatin stab cultures. When growth occurred its character was basically similar on all media. Of the chemically defined media tested only that of Gray & Thornton (1928) supported some growth; addition of glycerol or glucose (1 %) or a drop of liquid paraffinltube (see Umbreit, 1939) improved growth.
It was noticed that Nocardia salivae grew more readily upon solid than liquid media and an effort was therefore made to evolve a satisfactory liquid medium.
It was found that nitrate stimulated growth and by mixing the salt solution of Czapek-Dox with nutrient broth a very satisfactory medium was obtained. This mixture was later modified to the following (g./lOO ml. water): Lab Lemco, 0.5; peptone (Oxoid), 0.5 ; FeSO, ,0.001; NaCl, 0.05; MgS0,7&O, 0.05; KHPO,, 0.1 ; KNO,, 0.1; adjusted to pH 7.0. This medium will be called Lemco salts medium (see section on Biochemical characters).
During growth of Nocardia salivae in Lemco salts medium the pH value rose to c. 8-0 in 24 hr., but when glucose or sucrose was present this initial pH increase was followed by a decrease to c. pH 5-2 (2 % glucose) in 3 days. Whether the initial pH increase was due to ammonia production from nitrite or from some protein 166
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constituent was not ascertained. Traces of ammonia were detected in nitrite reduction tests using Nessler's reagent, but none was detected in tests with arginine hydrochloride as potential source of ammonia. Growth in broth cultures was often adherent to the tube walls and this character was significantly increased in broths containing fermentable carbon sources. It was also noted in test broths adjusted to pH 5.5 with hydrochloric acid in the absence of carbohydrate, and is probably related to growth a t low pH values. Recent tests with a solid version of Lemco salts medium indicate that it may prove useful as a semi-selective primary isolation medium for oral nocardias; this aspect will be studied further.
Morphology of Nocardia salivae
C o h i a l form. Submerged colonies in NAYS agar are small, discrete, very dense and irregular in outline, resembling a grain of sand or soil crumb.
Surface colonies (see P1.2) on NAYS agar vary considerably in appearance. They commonly commence as small, granular, entire, slightly raised colonies which often develop a dark central spot (seen when viewed by transmitted light). Older growth is relatively flat, dry and wrinkled, often curling away from the substrate at the margins to produce a lily-leaf like appearance (Pl. 2, fig. 14) . In some cases growth is relatively smooth, soft and entire (Pl. 2, fig. 7 ), and in others extremely rough, irregular, hard and sunk into the substrate (Pl. 2, fig. 15 ). Intermediate granular, segmenting colonies commonly occur (Pl. 2, figs. 10, 11 and 13). These various colonial forms appear to be related to the type of cell forms in them, the smooth and granular forms being largely composed of coccoid and short forms and the heaped-up, adherent rough types of more filamentous cells.
On primary isolation plates colonies may appear to be erupting from the agar as rosettes (see P1.2, fig. 15 ), or lying almost free upon the surface as rough granules.
Adherence to the substrate is common, and usually results in colonies with crimped edges, somewhat resembling the primary growth of Streptomyces. These colonies are, however, seldom as large or as solid in consistency as those of Streptomyces, being usually composed of a mealy or crumbly top and adherent base. In many cases complete colonies can be removed from the agar without breaking up; in others the colonies fragment in a brittle fashion when disturbed. Colonies are invariably creamy white in colour; no sign of aerial mycelium formation was detected. We should like to draw attention to the similarities between the colonial forms of Nocardia salivae and those recently described by Howell, Murphy, Paul & Stephan (1959) in oral Actinomyces spp.
Cellular form. Nocardia salivae exhibits a wide range of cell forms and arrangements of the type normally associated with members of the genus Nocardia. It is always Gram-positive and motility has not been observed. The cells are robust and vary considerably in diameter.
In Fig. 1 the range of cell forms is indicated by drawings; the sequence from A to W is not intended as a cycle of development; the arrangement merely shows the simpler forms first and more complex last. In some cases, however, it does seem likely that adjacent forms represent parts of a development cycle, e.g. A produces B; S produces T which fragments to form U, etc. One of the striking features of the simpler cell forms illustrated in Fig. 1, notably A the very close similarity between Arthrobacter and Nocardia. Attention is also drawn to the similarity between the reported 'gonidia' formation in Arthrobacter (Chaplin, 1957) and the frequent reports of apparently similar processes in Nocardia (Bergey's Manual, 1957, p. 715), Leptotrichia (Bulleid, 1924) , and Streptomyces (Dreschler, 1919) ; such forms were not common in the present organism, but in P1. 2, fig. 9 , an appearance which is grossly similar is shown, i.e. apparent coalescing of the cytoplasm within the cell wall. Similarities between certain cell forms in Fig. 1 and those Fig. 1 D and H, respectively, of the present work.
Filament formation is common ( Pls. 1 and 2, figs. 1,5,8,9 and 12), as is branching (PI. 1, figs. 1, 5) and segmentation followed by the production of buds (PI. 1, fig. 3) ; although budding preceding septation (PI. 1, fig. 6 ) and leading to branching (Pl. 1,  fig. 1 and swollen short forms (Pl. 1, fig. 4 ) are common. The triradiate (see 'tripodal cystites ' above) and short-paired angle forms (see also above) characterize this organism when growing in the short mycelial form. Although long branching filamentous forms are produced, mycelium formation is only rudimentary and not comparable with that which occurs in Streptomyces or Nocardia asteroides (see Bisset, 1955, p. 96) . Preliminary attempts to follow the morphological development cycle of these bacteria were unsuccessful. The cells appear capable of reproducing indefinitely in certain forms, e.g. coccoids, over periods of days. It is, however, clear that many of the cell forms interpreted by previous workers as stages of lifecycles in Nocardia and Actinomyces can be observed in this bacterium. It is our opinion that the morphological potential of members of the order Actinomycetales constitutes a wide and, to a large extent, overlapping series of cell forms, and that the present organism exhibits many of those which place it taxonomically in the centre of the Nocardia range.
Biochemical characters of Nocardia salivae Two series of tests were conducted, with an interval of six months between. In the first series 10 strains were used and in the second 20, five of which were strains from the first series. Some of the strains used were relatively fresh isolates while others had been in cultivation for one and a half to two years; no differences were noticed between fresh and old isolates, or in the results they gave. Owing to the poor growth obtained in liquid cultures in the earlier stages of this study (see section on Culture), the first series of tests were made on solid media whenever possible, e.g. fermentation tests in stab cultures, though nitrate and nitrite reduction, hippurate and aesculin hydrolysis and glucose utilization, etc., were tested in liquid media. The basal medium (pH 7.0) consisted of nutrient broth + 0.3 yo (w/v) yeast extract. In the second series of tests Lemco salts broth (see section on Culture) was used as the basal medium, and most tests, including fermentations, were made in liquid medium.
The two series reported were not exact duplicates in respect of tests carried out, technique of testing or results, and discrepancies are noted in the relevant tests by referring to the first series as A and the second as B. The fractional figures indicate strains positivelstrains tested. glucose, maltose, fructose, sucrose, trehalose, glycerol and arbutin (A only) fermented by all strains in A and B. Mannose fermented by 2/10 strains in A, by all strains in B. Galactose, lactose, arabinose, xylose, rhamnose, melibiose, melezitose, raffinose, dextrin, inulin, glycogen, starch, dulcitol, erythritose, mannitol, sorbitol, inositol, cellobiose, salicin not fermented. No gas was produced from any sugar (B only). Indicator changes in series A, i.e. stab cultures, occurred only at and near the surface of the medium and suggest oxidative rather than fermentative dissimilation of carbohydrates.
Acid-fastness.
Organisms from NAYS agar were resistant to 1 % sulphuric acid, rarely resistant to 5 yo and never to 20 yo.
The following tests gave totally negative results : casein digestion, with skimmed milk agar; tyrosine and xanthine digestion; tolerance of 10 yo sodium taurocholate; haemolysis of horse blood; indole production; citrate utilization. No pigment production or discoloration of the agar was observed on any medium.
Cell-wall analyses Cell-wall hydrolysstes for amino acid analyses were prepared as previously reported (Davis & Baird-Parker, 19593) . Cell breakage with ballotini using a ' Microid ' wrist-action shaker was also tested and yielded results comparable to those from organisms broken by the ultrasonic method.
Chromatography. Two-dimensional descending paper partition chromatography was used to analyse the amino acid constituents. The organic phase of the mixturen-butanol (Q), glacial acetic acid ( l ) , water (5) 
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The results are shown in Table 1 ; in Table 2 the results for the oral aerobic actinomycetes are compared with certain relevant results from Cummins & Harris  (1956, 1958, 1 9 5 9~~ b) , and are discussed later.
Three points arose from the cell-wall studies which do not bear directly upon the present problem but which require mention. First, the finding of an unidentified component ('under aspartic') in two of the three extracts of Leptotrichia buccal&, but not in those of L. dentium, suggests a possible taxonomic distinction. Secondly, we have examined nine strains of Lactobacillus casei which were available in this laboratory and found three of them to possess DAP rather than lysine in the cell wall. In a previous publication (Davis & Baird-Parker, 1959 b) the predominance of DAP in a single strain of L. casei was reported and when doubt was thrown upon the accuracy of this result it was checked, unfortunately, by the use of the other two strains which possess mainly DAP. We have not examined these strains of L. casei to determine the cause of these apparently aberrant results but now report that in our experience two out of three strains of L. casei yield results comparable with those reported by Cummins & Harris (1956), and dissimilar to the results obtained from L. pZuntarum (see Table 1 ). Thirdly, the organisms named Jensenia (Bisset & Moore, 1949) and Corynebaeterium fascians (see Lacey, 1955) both exhibit cell-wall amino acid patterns of the Mycobacteriu;nz-Corywbacterium-Nocardia type.
DISCUSSION
The most significant feature of the results described above is the apparent taxonomic contradiction between the results of morphological, cultural and biochemical studies and those of the cell-wall analyses of Nocardia salivae. Upon the evidence of the former these oral bacteria are classifiable in the genus Nocardia. Table 1 the overall similarity between the results, particularly as regards major components, is readily seen. The quantitative evaluation of hydrolysate components upon essentially qualitative chromatograms is necessarily arbitrary and for this reason it is not possible to consider the occurrence of aspartic acid, glycine, serine, valine, leucine, etc., in our results and their absence, or omission, from the results of Cummins & Harris, as highly significant. Consequently it seems more Tr.
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-Tr. Bearing in mind the comments made above about the morphological similarity between the organisms here described and Arthrobacter spp., it is of great interest that Cummins & Harris (1959b) reported cell-wall analysis results for five out of seven named species of Arthrobacter as identical with those from Actinomyces iSraelii. This tempts us to suggest that Arthrobacter, Nocardia salivae, and Actinomyces may represent a related series of bacteria ranging from saprophytes to parasites. The genus Arthrobacter is already somewhat of a heterogeneous group of species held together by certain common morphological characters. Unfortunately the heterogeneity in cell-wall composition noted by Cummins & Harris (1959 b) does not correlate with that noticeable in other characters (Bergeg's Manual, 1957). In view of certain dissimilarities, notably biochemical, between the organisms we have studied and the known characters of Arthrobacter species as defined at present, there seems little point in increasing the heterogeneity of Arthrobacter by classifying our organisms in this genus. We consider it unwise at this stage to transfer apparently anomalous species from one genus, e.g. Nocardia, to another, e.g. Arthrobacter, in which they may prove to be equally out of place when better understanding of this group of organisms is obtained. Upon the basis of amino acid patterns comparison is also possible with the results for Lactobacillus casei (Cummins & Harris, 1958, noted the similarity between amino acid patterns from lactobacilli and Actinomyces bovis) and grossly similar patterns were reported by Cummins & Harris (1956) in Streptococcus, Corynebacterium pyogenes and C. haemolyticum, which also contain rhamnose as a major cell-wall component (Corynebaderium I1 of Table 2 ). Although these comparisons appear to confound rather than facilitate diagnostic classification the possible phylogenetic implications are interesting.
It is well known that the anaerobic character of Actinomyces is variable. In many classifications (Orskov, 1928;  Erikson, 1935) aerobic and anaerobic strains, i.e. Nocardia and Actinomyces, have been grouped together. The recent work of Howell et a2. (1959) indicated a series of types within the genus Actinomyces, ranging from the relatively aerobic to the anaerobic (Table 8 ). In the absence of sharp cultural differences between aerobic and anaerobic actinomycetes of the Nocardia-Actinomyces range, it is now common, and probably sound practice to consider catalasepositive strains as Nocardia and negative ones as Actinomyces. When the organisms of this study were first isolated we tentatively labelled them as Actinomyces naeslundii (Thompson & Lovestedt, 1951) but now that this species has been more thoroughly described (Howell et al. 1959) various discrepancies are apparent and, in the absence of any satisfactory alternative, we allocate this oral actinomycete to the genus Nocardia. It is almost certain that this bacterium has been described before, but exact identification with any previous description has not been possible. Morris (1954) divided his oral nocardias (some of which were catalase-negative, according to his results) into eight types on the basis of fermentation reactions. Morris's type 7 appears fairly similar to the strains used in this study. The type 3 b of Onisi & Nuckolls (1958) also resembled the present organisms. As in Morris's work, division into types was arbitrary and Onisi & Nuckolls divided their type 8 b from 3a on the basis of lactose fermentation even though this division placed some catalase-positive strains in type 8 a which these workers equated approximately with the genus A c t i m y c e s (see Table 8 ).
The question of the taxonomic significance of catalase production in this group is an important one, and the general lack of information upon this subject renders comparison with many earlier reports of The 'aerobic actinomyces' of Bibby & Knighton (1941) were very similar to Nocardia salivae and these workers pointed out that the study of the aerobic oral actinomycetes had been, and probably still is, considerably hampered by the general tendency to use only anaerobic culture techniques for organisms which appear to resemble Actinomyces. Figs. 1-6 . Oral aerobic actinomycete (Nocardia: aaliwre) stained by the phosphomolybdic acid and methyl green method for cell walls. Fig. 1. Branching filamentous forms. x 2,500.  Fig. 2. TriFadicrte and paired angle forms. x 1,250.  Fig. 8. Segmenting and budding filaments. x 2,500.  Fig. 4. Short swollen f o m . x 1,250.  Fig. 5. Filamentous form with terminal bifurcation. x 2,500.  Fig. 6 . Filament showing incipient budding. x 
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EXPLANATION OF PLATES PLATE 1
